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DIS to HLA Integration, A Comparative Evaluation 
1.0 Introduction 
This report describes a series of experiments designed to provide a comparative evaluation between the HLA and 
DIS paradigms for data and interaction exchange. A baseline set of simulation exercises implemented using a 
Computer Generated Forces (CGF) application provided the common basis for observing differences in 
performance Results indicate that performance using the prototype Run Time Infrastructure (RTI) version 0.33 is 
less than the performance achieved using the DIS paradigm for small numbers of entities. 
2.0 Background 
Distributed Interactive Simulation (DIS) with associated standards for application protocols and data unit syntax has 
evolved over the past seven years. During this time significant progress has been made on the standardization of 
information exchange in DIS to achieve a level of interoperability. The evolution has progressed without a formally 
dermed architecture (although DIS does have an implicit architecture). Recently the Defense Modeling and 
Simulation Office (DMSO) has defined a High Level Architecture (HLA) as the framework for expanded reuse and 
interoperability of Department of Defense (DOD) models and simulations l . Formation of distributed simulation 
federations under the HLA framework requires the use of a Run Time Infrastructure (RTI). The experiments and 
evaluations described in this report used the initial RTI prototype to gain early assessment of performance. 
3.0 Experiment Design and Evaluation Plan 
3.1 Scenarios 
The benchmark scenario was ground combat between a set of M I tanks and an equal number of opposing Tn 
tanks. The opposing forces were initially on line facing one another 1500 meters apart. The veh icles on each side 
were spaced 100 meters apart on line. The Hunter Liggett terrain database was used. 
The original plan was to start with 5 tanks on each side and then increment the number of tanks by 5 on each side 
until there were 20 tanks on each side. It became apparent that DISIHLA Gateway performance was seriously 
impacted with 10 tanks on each side. Therefore a third scenario of 7 tanks on each side was substituted for the 15 
tanks versus 15 tanks scenario. Thus, the three scenarios executed were: 
5 M I tanks versus 5 Tn tanks 
7 M I tanks versus 7 T72 tanks 
10M I tanks versus 10 Tn tanks 
3.2 Test Configurations 
Three experimental configurations were used. The first configuration connected two DIS CGFs together. The 
second configuration connected the two DIS CGFs together through an HLA bridge. This HLA bridge was built 
using two DIS/HLA gateways. The final configuration connected two host integrated CGF/gateways . The DIS CGF 
to DIS CGF configuration served as the baseline configuration. The second configuration was chosen because it 
represented two unmodified DIS compliant simulators being connected through DIS/HLA gateways, requiring data 
to be exchanged via the RTI. The third configuration was representative of two modified DIS simulators, each 
functioning as an HLA federate on a single host computer, connected via the RTI. In all three configurations, the 
host computers were Silicon Graphics INDY processors. 
For all scenario executions each host computer was on a separate isolated network, with interconnection between 
networks performed by the router. Entity state update information was sent using best effort Internet Protocol 
Multicast (IPmc) transport. Interactions were sent using reliable (Unicast) transport. In this way traffic into and out 
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of each port could be sampled, and the traffic associated with entity state changes could be distinguished from that 
associated with interactions. 
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4.0 DIS-to-HLA Gateway 
In the HLA paradigm, only changed attribute values are exchanged between federates (simulation applications). 
This contrasts with DIS in two important ways. First, in the DIS paradigm, an Entity State Protocol Data Unit 
(ESPDU) is transmitted whenever a datum (within the ESPDU) has changed. Secondly, the DIS standard requires 
that an ESPDU be sent after a specified interval of time (the so-called DIS heartbeat) even when no changes to the 
embedded data are required. 
The DISfHLA gateway was developed as an adaptation of the 1ST CGF application2• The DISfHLA Gateway 
incorporates three components into a single application: 1) the 1ST CGF; 2) the Common Software Framework 
(CSF) developed by The Analytical Science Corporation (TASC); and 3) the HLA Run Time Infrastructure (RTI). 
The CGF provides the DISfHLA Gateway with the capability of dead reckoning entities. The CSF provides the 
linkage between the RTI and the CGF, while the RTI provides for HLA integration. 
The DISfHLA Gateway provides a DIS protocol interface and maintains dead reckoning information (i.e., 
modeling) for each entity/object known to the HLA federate. The DISfHLA Gateway operates by comparing 
inbound DIS PDUs with its own internal representation of the DIS environment. For each inbound DIS PDU, the 
gateway attempts to invoke the RTI service call to update attribute values. This mayor may not succeed depending 
on the internal data, and whether or not the data representation had changed. When the DISfHLA Gateway receives 
a change (discrepancy) between inbound PDU data and its own internal representation for a given entity, those 
changes are then reflected via the RTI. 
Similarly, the RTI service invocation to reflect attribute values will cause the gateway to update its local dead 
reckoning model for the entity in question. The DISfHLA Gateway then multicasts an ESPDU to the interfacing 
DIS applications. In addition, a DIS ESPDU is transmitted to simulate the DIS heartbeat. Note that no optimization 
was performed to ensure that each entity's heartbeat occurred precisely 5-seconds after a previous update. 
Therefore, resultant PDU counts may be slightly elevated on the receiving DIS network. In addition to supporting 
the DIS environment, the DISfHLA Gateway is capable of issuing the create and/or join federation, resign and 
destroy federation RTI service calls. 
5.0 Performance Measurements 
Most of the information exchanged during an exercise is entity state information. Under DIS the Entity State PDU 
conveys much information that either never changes or only infrequently changes during the exercise. This 
repetitive transmission of redundant information wastes bandwidth. HLA eliminates this wasted bandwidth by 
sending only the changed information. Consequently, this comparative evaluation of DIS versus HLA was 
concerned with analysis of the traffic on the network during the exercises. 
Two performance monitoring tools (one software and one hardware) were employed for the evaluations. Software 
monitoring of the experiments was accomplished by instrumenting the 1ST CGF benchmark itself. Network 
hardware monitoring utilized Commercial-Off-The-Shelf (COTS) network management software employing the 
Simple Network Management Protocol (SNMP). Section 3.1 describes the software instrumentation of the CGF 
simulation application. Section 3.2 describes the network monitoring tools used to capture the network statistics. 
5.1 Software (CGF) Instrumentation 
The 1ST Computer Generated Forces (CGF) simulator was instrumented in order to count the number of User 
Datagram Protocol (UDP) packets sent and received during the course of a simulation exercise. At the completion 
of the scenario, the average number of packets per second both sent and received and the total number of bytes 
received during the execution of scenario are reported. Since two CGF simulation applications were used for the 
benchmark interchanges, the statistics sent by one CGF application can be compared with those of the other. 
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In addition to the reported packet data, the end state of each CGF entity was recorded. Each entity's end state was 
cataloged and placed into one of three groupings: 
o 
o 
o 
survivor 
m-kill 
k-kill 
- capable of fIre and movement 
- loss of mobility 
- loss of fIrepower and mobility 
S.2 Hardware (Network) Instrumentation 
Network performance data was gathered using SNMP Management Information Base variables from a centrally 
configured mUlti-port router. The router, a PowerHub 7000, was furnished by Fore Systems, Inc. The PowerHub 
was configured to run the Internet Protocol (IP) suite and specifically IP multicast over I OM bps Ethernet. 
The SNMP data was collected using Hewlett Packard's (HP) Openview Network Node Manager (NNM) system. HP 
Openview is a network management workstation capable of retrieving information from a variety of SNMP-capable 
devices. In SNMP terminology, data is exchanged between an Agent process on the network node (e.g., router) and 
a Manager process (i.e., HP Openview) using a predefmed enumeration list called a Management Information Base 
(MIS). A MIS is a simple ASN. l-notation numerical enumeration list which is used to reference data between the 
manager and the agent. 
TestbedH ub 0 0 
Con fi g u r a Ii 0 n 0 r-
.<:l 
E, 
-u 
E, ~ 
0 
Q.. 
E. E 
u 
'" :>.. E. CIl 
u 
-0 E. ~ 
CCF-I 
Figure 4 Router Hub Configuration 
For all experiments, SNMP port statistics were collected at I second intervals. Each host was on a separate, isolated 
network. The port statistics indicate the traffic flow to and from each machine. At no time did the router become 
overloaded, thereby nullifying the resultant collected data. Specifically, router port statistics were collected for 
Packets-In, Packets-Out, Bytes-In, Bytes-Out, as well as Unicast and non-Unicast Datagrams both in and out. 
Additionally, Errors-In and Errors-Out were collected. 
6.0 Results 
As a consequence of problems with hardware, Orbix, the RTI v0.33, and the 1ST CGF, some planned measurements 
were not made. In addition, some of the limited data collected is known to be invalid because of the aforementioned 
problems. Hence, the results of the analysis of these data are presented as observations rather than conclusions. 
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6.1 DIS Baseline 
Thirty (30) or more iterations of each of the three scenarios were attempted for each architectural variant of the 
experiment. The additional iterations were executed to compensate for occasional simulation errors noted during 
some iterations. The goal was to obtain 30 prima facie valid iterations of each scenario in order to yield statistically 
significant results. However, in the 5 tanks versus 5 tanks scenario, only 29 such iterations were achieved. In the 7 
tanks versus 7 tanks scenario only 25 such iterations were achieved. There were 33 such iterations obtained for the 
10 tanks versus 10 tanks scenario. These data are shown in Table 1,2, and 3. 
6.2 DIS to DISIHLA Gateway 
In the DIS to DISIHLA Gateway configuration, two 1ST CGFs send and receive DIS POUs to and from the 
D1S/HLA gateways. The two gateways communicate with one another via the RTI service calls. Consequently the 
number of packets sent from one CGF is not necessarily the same as the number of packets received by the other 
CGF. This is because the Gateway does not perform a I to I translation. 
In addition, the number of DIS heartbeat messages generated by a DISIHLA Gateway may vary. However, the 
numbers of packets sent by one CGF should be close to the number of packets received by the other CGF. The 
results for the three scenarios are shown in Tables 4, 5, and 6. For the 5 tanks versus 5 tanks scenario the packets 
sent correlate well with the packets received. For the 7 tanks versus 7 tanks scenario a few iterations show sizable 
discrepancies. For the 10 tanks versus 10 tanks scenario sizable discrepancies predominate. 
In comparing the end of iteration kill data it can be seen that the 5 vs. 5 case compares favorably with the DIS 
Baseline throughout. In 7 vs. 7 tanks case iterations 9, 13, 18, and 23 show 100 percent survivors on both sides. It 
was observed that the RTI failed to deliver detonation interactions in several cases. This situation became dominant 
for the 10 vs. 10 tanks case, where only 6 out of 31 iterations exhibited reasonable performance. For this reason no 
means or standard deviations are shown in Table 6. 
6.3 Integrated CGF-DISIHLA Gateway 
In this configuration the CGF communicates with the gateway by message exchange on the same host. 
Consequently no packets are sent and received by the CGF. The kill data, however, were obtained for the 5 tanks 
versus 5 tanks scenario. System crashes precluded data collection for the other two scenarios. These kill data are 
shown in Table 7. At the 5 vs. 5 tanks level the kill data compare favorably with those of the DIS Baseline. 
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Figure 5 - CGF vs. HLA Entity Interactions 
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Furthermore, the number of destroyed and immobilized tanks in each exercise was added together to arrive at an 
average number of damaged tanks for each iteration (see Figure 5 above). The average number of Mis and T72s 
killed for all the iterations for a given scenario was then divided by the number of entities in the scenario. This 
number is the percentage of tanks damaged for that scenario. The percentage of damaged vehicles shows a level of 
interaction between the two CGFs. As can be seen in the graph, the level of interaction of the two baseline CGFs 
declines gradually as the number of tanks increases. The HLA Gateway scenario, though, drops drastically as the 
number of tanks increases. This confIrms the visual observations of the detonation and entity state PDUs arriving 
after the tanks have moved. 
7.0 OBSERVATIONS 
For the three hardware and software configurations used, reasonable simulation performance appears to have been 
attained at the 5 vs. 5 tanks level. CGF performance was not degraded under DIS as the number of entities was 
increased. However, when the gateway was inserted between the two CGFs, slight degradation in performance was 
observed at the 7 vs. 7 tanks level, and severe degradation was observed at the 10 vs. 10 tanks level. This 
degradation was the result of a failure of the RTI to deliver detonation interactions in a timely manner. In some 
cases, they were never delivered during the life-time of the execution. 
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TI2 M1 
Iteration lSending Receiving Kills Sending Receiving Kills 
Pkts Pkts/Sec IPkts Pkts/Sec Bytes lSurv M-Kill K-Kill Pkts Pkls/Sec Pkts Pkts/Sec Bytes iSurv ~-Kill K-Kill 
1 235 3.8: 190 3.11 31616 0 0 5 190 3.11 235 3.85 40296 0 3 2 
2 246 4.0 225 3.69 3671" 0 1 4 225 3.69 246 4.03 41624 2 0 3 
3 344 5.64 288 4.72 45824 0 1 4 288 4.72 344 5.64 56744 0 1 4 
4 326 5.34 231 3.79 36928 0 1 4 231 3.7 321 5.18 53608 1 2 2 
5 270 4.4 178 2.92 29048 0 1 4 178 2.92 270 4.43 45696 0 0 5 
6 293 4.8 213 3.49 3384C 0 2 :1 213 3.49 293 4.8 48376 0 2 3 
7 264 4.33 249 4.08 3987 0 1 4 249 4.08 264 4.33 4403" 1 2 2 
8 319 5.23 180 2.95 28944 0 0 5 180 2.9 314 5.06 52528 0 1 4 
9 270 4.43 231 3.79 3716C 0 0 5 231 3.79 270 4.43 4539£ 1 1 3 
10 330 5.41 172 2.82 27688 1 2 2 172 2.8" 330 5.41 54888 0 0 5 
11 239 3 . 9~ 198 3.25 32568 0 0 5 19B 3.25 239 3.92 41000 2 1 2 
12 259 4.2 225 3.69 36256 0 0 5 225 3.69 259 4.25 43760 1 2 2 
1 235 3.B: 193 3.16 31688 0 0 5 193 3.16 235 3.85 40144 2 1 2 
14 221 3.62 1B8 3.08 3111£ 0 0 1BB 3.08 221 3.62 3B136 3 1 1 
15 295 4.84 245 4.02 39168 0 0 5 245 4.02 295 4.84 49640 1 2 2 
16 257 4.21 169 2.77 2807" 0 0 5 169 2.77 257 4.21 4447" 2 0 3 
17 343 5.62 204 3.34 32408 0 2 3 204 3.34 343 562 57400 0 2 3 
18 300 4.92 205 3.36 3319" 0 2 3 205 3.36 300 4.92 50064 0 1 4 
19 308 5.0: 176 2.89 28240 0 2 3 176 2.89 308 5.05 51240 0 1 4 
20 299 4.~ 219 3.59 35048 0 0 5 219 3.53 299 4.82 50344 1 3 1 
21 259 4.2: 241 3.95 3899£ 0 1 4 241 3.95 259 4.25 43608 2 0 3 
2" 287 4.7 193 3.16 30928 0 2 3 193 3.16 287 4.7 47776 0 1 4 
2 245 4.02 165 2.7 2691'- 0 2 3 165 2.f 245 4.02 4175" 0 0 5 
24 277 4.54 251 4.11 4068C 0 0 5 251 4.11 277 4 .54 46624 2 2 1 
25 286 4.69 175 2.87 28368 0 1 4 175 2.87 286 4.69 48056 0 0 5 
2E 234 3.84 169 2.77 28376 0 0 5 169 2.77 234 3.84 40576 2 1 2 
2f 358 5.87 155 2.54 2515 2 1 2 155 2.54 358 5.87 60272 0 0 5 
2S 285 4.6 163 2.63 26256 0 1 4 163 2.67 285 4.67 47728 0 0 5 
2S 286 4.69 246 4.03 3949E 0 1 4 246 4.03 286 4.69 47600 1 0 4 
~eans 282 4.61621 205 3.35414 3312.< 0.1 0.83 4.07 205 3.34966 281 4.60448 47358 0.83 1.03 3.14j 
SldDev 36.1 0.59204 32.9 0.54153 5101. 0.4 0.79 0.94 32.9 0.53874 35.8 0.57949 5595.1 0.91 0.93 1.311 
Table 1 DIS Baseline for the 5 Tanks Versus 5 Tanks Scenario 
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T72 M1 
Iteration Sending Receiving Kills Sending Receiving Kills 
Pkts PktslSec Pkts Pkts/Sec Bytes Surv M-Kill K-Kill Pkts Pkts/Sec Pkts Pkts/Sec Bytes Surv M-Kill K-Kill 
1 547 8.97 259 4.25 41480 2 4 1 259 4.25 547 8.97 90040 0 0 7 
2 425 6.97 284 4.66 46184 0 1 6 284 4.58 422 6.81 70016 0 1 6 
3 402 6.59 241 3.95 39224 1 1 5 241 3.95 402 6.59 68016 0 0 7 
4 329 5.39 249 4.08 41088 0 0 7 249 4.08 329 5.39 56536 3 1 3 
5 304 4.98 325 5.33 53856 0 0 7 325 5.33 304 4.98 52592 6 0 1 
6 379 6.21 193 3.16 31688 2 3 2 193 3.16 379 6.21 64424 0 0 7 
7 417 6.84 199 3.26 32744 2 3 2 199 3.26 417 6.84 70960 0 0 7 
8 456 7.48 326 5.34 52664 0 2 5 326 5.34 456 7.48 76224 0 2 5 
9 361 5.92 254 4.16 41360 0 1 6 254 4.16 361 5.92 61024 0 1 6 
10 547 8.97 295 4.84 47432 3 1 3 295 4.84 547 8.97 91024 0 2 5 
11 486 7.97 295 4.84 47208 0 2 5 295 4.84 486 7.97 80672 0 2 5 
12 405 6.64 277 4.54 44952 0 0 7 277 4.54 405 6.64 68544 1 1 5 
13 457 7.49 242 3.97 39248 1 3 3 242 3.97 457 7.49 76480 0 0 7 
14 398 6.52 309 5.07 49824 0 0 7 309 5.07 398 6.52 67008 2 2 3 
15 339 5.56 282 4.62 46440 0 0 7 282 4.62 339 5.56 57992 3 2 2 
16 387 6.34 349 5.72 56256 0 0 7 349 5.72 387 6.34 65528 2 3 2 
17 335 5.49 330 5.41 54128 0 1 6 330 5.41 335 5.49 57208 2 0 5 
18 384 6.3 200 3.28 32920 1 3 3 200 3.28 384 6.3 65152 0 0 7 
19 378 6.2 206 3.38 33976 1 3 3 206 3.38 378 6.2 64248 0 0 7 
20 513 8.41 299 4.9 47760 1 5 1 299 4.9 513 8.41 84888 0 1 6 
21 403 6.61 286 4.69 45472 0 3 4 286 4.69 403 6.61 66824 1 2 4 
22 316 5.18 272 4.46 45288 0 0 7 272 4.46 316 5.18 54552 4 2 1 
23 352 5.77 316 5.18 51664 0 0 7 316 5.18 352 5.77 60280 3 3 1 
24 456 7.48 201 3.3 32792 3 3 1 201 3.3 456 7.48 77216 0 0 7 
25 405 6.64 341 5.59 54848 0 0 7 341 5.59 405 6.64 68088 2 2 3 
Means 407.2 6.6768 273.2 4.4792 44419.84 0.68 1.56 4.76 273.2 4.476 407.1 6.6704 68621.44 1.16 1.08 4.76 
StdDev 65.42 1.073762 46.62 0.764199 7421 .384 0.968 1.499 2.196 46.62 0.763602 65.39 1.072472 10212.99 1.592 1.017 2.122 
Table 2 DIS Baseline for the 7 Tanks Versus 7 Tanks Scenario 
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T72 M1 
Iteration Sending Receiving Kills Sending Receiving Kills 
Pkts Pkts/Sec Pkts Pkts/Sec Bytes SUN M-Kill K-Kill Pkts Pkts/Sec Pkts Pkts/Sec Bytes SUN M-Kill K-Kill 
1 913 14.05 380 5.85 62320 6 1 3 380 5.85 913 14.05 154456 0 0 10 
2 833 12.82 449 6.91 72864 2 1 7 449 6.91 833 12.82 141288 0 1 9 
3 820 12.62 567 9.03 94872 1 3 6 567 9.03 820 12.62 136066 1 2 7 
4 695 13.77 566 6.71 91256 3 1 6 566 6.71 895 13.77 149840 0 1 9 
5 873 13.43 394 6.06 64328 5 1 4 394 6.06 873 13.43 147720 0 1 9 
6 620 9.54 468 7.51 79504 0 0 10 466 7.51 620 9.54 105624 2 2 6 
7 597 9.18 624 9.6 102376 0 0 10 624 9.45 595 9.02 102136 6 3 1 
6 719 11.06 559 6.6 90096 0 2 8 559 8.6 719 11 .06 121224 3 4 3 
9 655 10.06 438 6.74 71920 0 0 10 438 6.74 655 10.08 111936 2 2 6 
10 737 11 .34 453 6.97 73872 0 2 8 453 6.97 737 11.34 124992 1 1 8 
11 920 14.15 533 8.2 85824 3 3 4 533 8.2 920 14.15 152336 1 2 7 
12 849 13.06 396 6.09 65286 4 2 4 396 6.09 849 13.06 143952 0 0 10 
13 825 12.69 470 7.23 76408 2 2 6 470 7.23 825 12.69 138816 0 1 9 
14 667 10.57 566 8.71 92776 0 0 10 566 8.71 687 10.57 117112 3 3 4 
15 693 10.66 566 8.71 92646 0 1 9 566 8.71 693 10.66 117408 2 3 5 
16 830 12.77 492 7.57 79144 0 2 8 492 7.57 830 12.77 141672 2 2 6 
17 566 9.02 502 7.72 81816 0 0 10 502 7.72 586 9.02 100552 3 1 6 
18 838 12.69 384 5.91 62568 3 3 4 384 5.91 838 12.89 142776 0 1 9 
19 1007 15.49 575 8.65 95120 4 3 3 575 6.85 1007 15.49 169784 0 0 10 
20 1006 15.48 598 9.2 95896 2 3 5 598 8.79 1006 14.79 170672 2 3 5 
21 695 10.69 523 8.05 85206 0 0 10 523 8.05 695 10.69 117606 2 2 6 
22 760 11.69 496 7.63 60152 1 3 6 496 7.63 760 11 .69 128056 0 2 8 
23 747 11.49 477 7.34 76504 1 2 7 477 7.34 747 11.49 125240 0 2 8 
24 864 13.29 379 5.63 62446 5 3 2 379 5.83 864 13.29 146592 0 0 10 
25 644 9.91 445 6.65 72544 0 0 10 445 6.85 644 9.91 109696 2 2 6 
26 916 14.12 354 5.45 57744 5 3 2 354 5.45 918 14.12 154336 0 1 9 
27 811 12.48 554 6.52 90056 0 1 9 554 8.52 811 12.48 136504 3 2 5 
28 836 12.66 543 6.35 88576 0 1 9 543 8.35 836 12.86 141208 1 4 5 
29 816 12.55 391 6.02 64104 3 1 6 391 5.92 810 12.27 138000 0 0 10 
30 839 12.91 528 8.12 86240 1 1 8 528 8 639 12.71 141886 0 1 9 
31 621 9.55 539 8.29 87568 0 3 7 539 8.29 621 9.55 105192 1 1 8 
32 1008 15.51 509 7.63 81600 3 0 7 509 7.83 1008 15.51 170488 1 3 6 
33 714 10.98 618 9.51 100560 0 0 10 616 9.51 714 10.98 121560 5 2 3 
Means 793.2 12.20303 496.2 7.635152 60739.39 1.636 1.455 6.909 496.2 7.611515 793 12.16273 134204.6 1.303 1.667 7.03 
StdDev 116.9 1.798716 75.48 _1.1~08~ 12151.34 1.872 1.157 2.551 75.48 1.141483 117 1.769284 19363.11 1.507 1.092 2.316 
---
Table 3 DIS Baseline for the 10 Tanks Versus 10 Tanks Scenario 
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TI2 M1 
Iteration Sending Receiving Kills Sending Receiving Kills 
Pkts Pkts/Sec Pkts Pkts/Sec Bytes SUN M-Kill K-Kill Pkts Pkts/Sec Pkts PktslSec Bytes SUN M-Kill K-Kill 
1 241 3.95 153 2.51 24800 0 0 5 155 2.58 230 3.83 38200 0 1 4 
2 247 4.05 194 3.18 31632 0 1 4 202 3.37 250 4.17 41720 1 0 4 
3 272 4.46 157 2.57 25960 1 2 2 147 2.45 274 4.57 46096 0 0 5 
4 265 4.34 158 2.59 25984 0 0 5 159 2.65 276 4.6 46448 1 1 3 
5 323 5.3 162 2.66 25928 1 2 2 177 2.95 313 5.22 51136 0 0 5 
6 322 5.28 158 2.59 25600 1 1 3 162 2.7 331 5.52 55520 0 1 4 
7 202 3.31 158 2.59 26440 0 0 5 160 2.67 219 3.65 37176 2 1 2 
8 280 4.59 195 3.2 30520 0 1 4 236 3.93 272 4.53 44528 0 3 2 
9 275 4.51 148 2.43 24528 1 0 4 143 2.38 292 4.87 49568 0 0 5 
10 272 4.46 202 3.31 32504 0 1 4 221 3.68 274 4.57 45488 1 2 2 
11 254 4.16 176 2.89 29000 0 0 5 182 3.03 265 4.42 44664 2 2 1 
12 290 4.75 149 2.44 24704 1 1 3 140 2.33 299 4.98 50800 0 0 5 
13 194 3.18 141 2.31 23448 0 0 5 146 2.43 207 3.45 35216 1 2 2 
14 216 3.54 178 2.92 29656 0 0 5 179 2.98 221 3.68 37376 3 0 2 
15 231 3.79 168 2.75 27896 0 0 5 170 2.83 238 3.97 40216 2 1 2 
16 273 4.48 143 2.34 24104 3 1 1 132 2.2 277 4.62 47080 0 0 5 
17 345 5.66 151 2.48 24448 1 1 3 163 2.72 356 5.93 59768 0 1 4 
18 244 4 170 2.79 27640 0 2 3 174 2.9 242 4.03 40312 0 0 5 
19 242 3.97 170 2.79 27336 0 0 5 194 3.23 249 4.15 41544 1 3 1 
20 282 4.62 225 3.69 35872 0 2 3 251 4.18 264 4.4 42968 1 1 3 
21 340 5.57 138 2.26 22920 3 2 0 135 2.25 337 5.62 56880 0 0 5 
22 278 4.56 150 2.46 25032 2 1 2 142 2.37 277 4.62 46320 0 0 5 
23 246 4.03 167 2.74 27568 0 2 3 163 2.72 246 4.1 41320 0 0 5 
24 347 5.69 154 2.52 24520 2 2 1 176 2.93 337 5.62 55360 0 1 4 
25 282 4.62 153 2.51 25104 0 0 5 155 2.58 293 4.88 49136 0 1 4 
26 336 5.51 175 2.87 28368 0 2 3 184 3.07 323 5.38 53504 0 0 5 
27 254 4.16 184 3.02 29952 1 1 3 193 3.22 266 4.43 44536 0 1 4 
28 281 4.61 132 2.16 22168 3 0 2 121 2.02 292 4.87 50176 0 0 5 
29 264 4.33 187 3.07 30856 0 1 4 199 3.32 274 4.57 46248 2 1 2 
30 269 4.41 143 2.34 23496 2 1 2 147 2.45 267 4.45 44408 0 0 5 
31 254 4.16 204 3.34 33016 0 1 4 221 3.68 251 4.18 41592 2 1 2 
32 283 4.64 157 2.57 25272 0 1 4 170 2.83 298 4.97 50016 0 1 4 
Means 272 4.459063 165.6 2.715313 27071 0.688 0.906 3.406 171 .8 2.863438 275.3 4.589063 46103.75 0.594 0.781 3.625 
StdDev 38.1 0.625257 21 .31 0.350312 3236.472 0.982 0.765 1.366 30.34 0.505016 35.97 0.60007 5973.901 0.861 0.856 1.364 
Table 4 DIS to DIS/HLA Gateway for the 5 Tanks Versus 5 Tanks Scenario 
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T72 M1 
Iteration Sending Receiving Kills Sending Receiving Kills 
Pkts Pkts/Sec Pkts Pkts/Sec Bytes Surv M-Kill K-Kill Pkts Pkts/Sec Pkts Pkts/Sec Bytes Surv M-Kill K-Kill 
1 383 6.28 276 4.52 44472 0 0 7 292 4.79 392 6.43 65800 1 4 2 
2 356 5.84 306 5.02 49904 0 0 7 315 5.16 342 5.61 56848 0 1 6 
3 320 5.25 313 5.13 51592 0 0 7 312 5.11 317 5.2 53360 4 0 3 
4 425 6.97 238 3.9 39000 2 2 3 242 4.03 410 6.83 67600 0 0 7 
5 676 11 .08 491 8.05 78968 5 2 0 566 9.28 677 11.1 110640 7 0 0 
6 383 6.28 379 6.21 61992 0 0 7 382 6.37 383 6.38 64216 3 0 4 
7 401 6.57 229 3.75 37416 1 2 4 231 3.85 400 6.67 67056 0 0 7 
8 395 6.48 211 3.46 34400 1 2 4 226 3.77 389 6.48 64968 0 1 6 
9 706 11.57 195 3.2 32112 7 0 0 563 9.38 597 9.95 96560 7 0 0 
10 369 6.05 290 4.75 47544 0 0 7 307 5.12 365 6.08 61352 1 3 3 
11 316 5.1 347 5.6 58792 0 0 7 349 5.82 330 5.5 56256 2 2 3 
12 466 7.64 296 4.85 47304 1 2 4 322 5.37 452 7.53 74536 0 1 6 
13 673 11.03 181 2.97 29800 7 0 0 415 6.92 475 7.92 75088 4 0 3 
14 523 8.57 291 4.77 45896 1 3 3 331 5.52 496 8.27 81520 0 2 5 
15 505 8.28 354 5.8 57136 0 1 6 367 6.12 509 8.48 85176 1 2 4 
16 334 5.48 312 5.11 51416 0 1 6 356 5.93 334 5.57 55744 3 2 2 
17 309 5.07 276 4.52 44928 0 0 7 289 4.74 314 5.15 52832 2 2 3 
18 692 11 .34 231 3.79 37464 0 0 7 561 9.2 572 9.38 92160 7 0 0 
19 425 6.97 285 4.67 45296 0 1 6 308 5.13 402 6.7 65888 0 2 5 
20 315 5.16 334 5.48 54984 0 0 7 344 5.73 312 5.2 52480 4 2 1 
21 624 10.23 205 3.36 33552 5 2 0 572 9.53 434 7.23 68936 7 0 0 
22 317 5.2 229 3.75 37720 0 0 7 239 3.98 315 5.25 52856 1 2 4 
23 684 11.21 213 3.49 35120 7 0 0 572 9.53 621 10.35 100784 7 0 0 
24 388 6.36 278 4.56 45504 1 1 5 291 4.85 370 6.17 60864 0 1 6 
25 509 8.34 233 3.82 37968 4 0 3 236 3.87 513 8.41 86336 0 1 6 
26 337 5.52 359 5.52 57560 0 1 6 388 6.36 324 5.31 53832 2 2 3 
27 417 6.84 300 4.92 48848 1 3 3 302 4.95 396 6.49 65288 0 1 6 
28 497 8.15 324 5.31 52008 0 0 7 350 5.74 464 7.61 75736 0 3 4 
29 332 5.44 308 5.05 50864 0 1 6 307 5.1 2 328 5.47 54992 3 1 3 
30 336 5.51 270 4.43 44480 0 0 7 281 4.61 340 5.57 57256 2 3 2 
Means 447.1 7.327 285.1 4.658667 46468 1.433 0.8 4.767 353.9 5.862667 419.1 6.943 69232 2.267 1.267 3.467 
Std Dev 129.6 2.125579 63.95 1.033221 10302.46 2.319 0.98 2.552 105.7 1.751352 98.25 1.623601 15452.42 2.489 1.123 2.187 
Table 5 DIS to DISIHLA Gateway for the 7 Tanks Versus 7 Tanks Scenario 
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T72 M1 
Iteration Sending Receiving Kills Sending Receiving Kills 
Pkts PktslSec Pkts Pkts/Sec Bytes SUN M-Kill K-Kill Pkts Pkts/Sec Pkts Pkts/Sec Bytes SUN M-Kill K-Kill 
1 1020 16.72 328 5.38 53312 10 0 0 842 14.03 1021 17.02 167680 10 0 0 
2 1038 17.02 235 4.15 41256 10 0 0 844 13.84 505 8.28 84464 10 0 0 
3 907 14.87 623 10.21 100904 1 2 7 698 11.44 903 14.8 149424 2 3 5 
4 1016 16.66 262 4.3 43072 10 0 0 838 13.74 308 5.05 49648 10 0 0 
5 1040 17.05 220 3.61 36648 10 0 0 835 13.69 263 4.31 42016 10 0 0 
6 699 11 .46 505 8.28 82648 3 1 6 524 8.59 698 11.44 116920 1 1 8 
7 1022 16.75 267 4.38 43872 10 0 0 829 13.59 298 4.89 48184 10 0 0 
8 1021 16.74 208 3.41 34696 10 0 0 828 13.57 262 4.3 41624 10 0 0 
9 1022 16.75 255 4.18 42272 10 0 0 832 13.64 483 7.92 77480 10 0 0 
10 1031 16.9 240 3.93 38808 10 0 0 845 13.85 331 5.43 56736 10 0 0 
11 721 11 .82 596 9.77 96304 1 2 7 650 10.83 709 11.82 117336 3 0 7 
12 1033 16.93 274 4.49 44952 10 0 0 817 13.39 351 5.75 56816 10 0 0 
13 1009 16.54 225 3.69 37376 10 0 0 829 13.59 274 4.49 43736 10 0 0 
14 751 12.31 471 7.72 77424 4 3 3 482 8.03 753 12.55 124928 0 1 9 
15 920 15.08 455 7.46 73376 9 0 1 839 13.75 615 10.08 101096 10 0 0 
16 1030 16.89 252 4.13 41456 10 0 0 823 13.49 284 4.66 45424 10 0 0 
17 724 11 .87 654 10.72 106592 2 0 8 679 11 .32 721 12.02 119752 1 0 9 
18 1022 16.75 329 5.39 55384 10 0 0 886 14.52 310 5.08 50592 10 0 0 
19 1032 16.92 339 5.56 55024 10 0 0 816 13.38 788 12.92 128416 10 0 0 
20 999 16.38 350 5.74 55288 9 0 1 808 13.25 290 4.75 49520 10 0 0 
21 649 10.64 463 7.59 74040 0 1 9 532 8.87 618 10.3 101472 2 4 4 
22 715 11 .72 686 11 .25 110016 5 0 5 829 13.59 315 5.16 53768 10 0 0 
23 1034 16.95 248 4.07 41112 10 0 0 855 14.02 283 4.64 45544 10 0 0 
24 1044 17.11 316 5.18 51704 10 0 0 824 13.51 487 7.98 79632 10 0 0 
25 1015 16.64 237 3.89 39176 10 0 0 828 13.57 297 4.87 47712 10 0 0 
26 1002 16.43 266 4.36 41952 9 1 0 818 13.41 301 4.93 51456 10 0 0 
27 1030 16.89 210 3.44 33128 10 0 0 816 13.38 296 4.85 50576 10 0 0 
28 947 15.52 457 7.49 73960 9 1 0 828 13.57 481 7.89 79936 10 0 0 
29 1028 16.85 364 5.97 57680 10 0 0 828 13.57 293 4.8 50048 10 0 0 
30 1044 17.11 255 4.18 41984 10 0 0 827 13.56 338 5.54 54136 10 0 0 
31 939 15.39 339 5.56 53584 9 0 1 847 13.89 276 4.52 47560 10 0 0 
Table 6 DIS to DISIHLA Gateway for the 10 Tanks Versus 10 Tanks Scenario 
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T72 M1 
Iteration Kills Kills 
Surv M-Kill K-Kill Surv M-Kill K-Kill 
1 0 0 5 1 1 3 
2 1 0 4 0 2 3 
3 0 1 4 1 0 4 
4 1 1 3 0 0 5 
5 1 2 2 0 1 4 
6 0 0 5 2 1 2 
7 0 1 4 0 0 5 
8 0 0 5 1 1 3 
9 1 2 2 0 0 5 
10 0 0 5 0 3 2 
11 0 0 5 0 2 3 
12 1 1 3 0 0 5 
13 2 0 3 0 0 5 
14 0 2 3 0 1 4 
15 0 0 5 2 2 1 
16 1 2 2 0 0 5 
17 0 0 5 0 2 3 
18 1 0 4 0 1 4 
19 0 1 4 1 1 3 
20 2 1 2 0 0 5 
21 0 0 5 0 1 4 
22 0 0 5 1 1 3 
23 0 1 4 0 1 4 
24 0 0 5 2 0 3 
25 3 1 1 0 0 5 
26 0 0 5 0 0 5 
27 0 1 4 0 0 5 
28 0 0 5 1 3 1 
29 0 1 4 1 1 3 
30 0 0 5 1 1 3 
Means 0.467 0.6 3.933 0.467 0.867 3.667 
StdDev 0.763 0.712 1.181 0.67 0.884 1.193 
Table 7 Integrated CGF-DISIHLA Gateway for the 5 Tanks Versus 5 Tanks Scenario 
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